Introduction
Prediction of foundation settlement is an important aspect of design of foundation. There are many methods to predict the settlement and it may vary between empirical and semi-empirical method. However the Rotational Multiple Yield Surface Framework is a method that makes use the relationship between developed mobilised shear strength and the anisotropic compressions in the prediction of the soil stress-strain behaviour.
The relationship between the mobilised shear strength and the isotropic compression is the inherent property of the soil. It is being derived from the soil stress-strain behaviour obtained from conducting the drained triaxial tests. However the ambiguity of this Rotational Multiple Yield Surface Framework that the axial strain at failure is not the same for stress-strain curves of different effective stress. Essentially the axial strain at failure increases with increasing of effective stress. In order to resolve the problem an improvised Rotational Multiple Yield Surface Framework is introduced and the method is called normalised strain method where different factor is applied to the stressstrain curves so that a normalised stress-strain curves is achieved where the axial strain at failure is unique. However at the end of the method when the actual axial strain is required they are reverted by multiplying them with a reciprocate inverse factor.
Residual soils are weathering products of rock that usually establish under unsaturated condition. It is formed through the chemical and mechanical weathering of parent rocks in situ. More than 80% of land in Malaysia is covered by the residual granite soil. The low level of ground water table caused the soil to be unsaturated and when infiltrated by rainwater the moisture content increases a soil is wetter. These soils generally belong to the residual category that may exhibit collapse settlement upon wetting [1] . Collapsible soil is well-defined as soil that is vulnerable to a large and sudden reduction in volume when wetted. Collapsible soil deposits, share two main features mainly loose cemented deposits, and naturally quite dry. Collapsible soil can bear a large applied vertical stress with small amount of compression, but then showed larger settlement when wet, with no rise in vertical stress [2] . According to Zhao [3] , common minerals exist in granite are quartz (at least 30%), feldspar (60 to 65%) with biotite and hornblend. Most of the residual soil in Peninsular Malaysia is red in colour due to its origin from natural lateritic soil or partly lateritic and the natural laterite might form due to disintegration of fossils under earlier climatic conditions [4] .
Granite residual soil in Malaysia as stated by Chiu and Ng [5] will initially be sandy, as sand-sized particles of quartz and partially weathered feldspar are released from the granite. The partially weathered feldspar grains will weather gradually over time completely into finedgrained clay minerals. Quartz does not weather due to its resistant to weathering; therefore resulting soil will have both sand-sized quartz and clay.
Residual soils mostly in Malaysia will have a vertical soil section usually known as a soil profile consisting of distinct layers termed as soil horizons forming less parallel to the ground surface. Due to this nature, the soil Abstract: Currently the soil anisotropic stress-strain behaviour can be predicted accurately at any effective stress using the Rotational Multiple Yield Surface Framework. This framework incorporates the developed of mobilised shear strength within the body of the soil mass whenever the soil is subjected to anisotropic compression. However the accuracy of the framework can be improvised since the failure axial strain is not unique but increases as the effective stress increases. This improved method s call normalised strain method. This method is applied to predict the stress-strain behaviour of granitic residual soil grade V from Kuala Kubu Baharu. The improve accuracy of this method will be presented in comparison with the conventional method.
Keywords: Mobilised shear strength, normalised strain, granitic residual soil, improvised profile illustrates the weathering aspect which gives rise to a vertical weathered profile that is vital in the engineering perspective. Figure 1 shows a typical vertical soil profile that reflects to the product of chemical weathering in Malaysia for typical granite weathered residual soil. 
Rotational Multiple Yield Surface Framework by The Concept of Effective Stress and Shear Strength Interaction
According to conventional shear strength envelope model by Terzaghi [7] shear strength is based on two distinct parameters, the frictional resistance of the soil particles known as the angle of friction,  and the cohesion of the soil, c. These parameters are affected by moisture content, pore pressure, structural influence, ground elevation, stress history, time, chemical reaction and the environment [8] . Chang & Broms [9] stated that the shear strength of residual soil is measured in the undrained shear strength condition due to its low permeability. Lumb [10] , on the other hand, stated that the internal angle of friction, ' is influenced by the percentage of clay content and Lumb [11] also stated that cohesion is influenced by the percentage of clay and the degree of saturation in the consolidated undrained triaxial test.
Shear strength in terms of total stress is related to saturated residual soil whereas shear strength in terms of effective stress is related to partially saturated residual soil. Since most residual soils in Malaysia are partially saturated, measurement in terms of total stress becomes inappropriate. In order to obtain the effective shear strength parameters, c' and ', the specimen is required to be at its saturation stage. Based on Fookes [12] , high cell pressures are required to saturate the soil specimen which increases the moisture content and degree of saturation, hence reduces the c' value due to loss of suction. However, Bressani & Vaughan [13] , showed that ' is not influenced by saturation of the soil the effective cohesion, c' measure is very small.
In Rotational Multiple Yield Surface Framework, the stress-strain behaviour of soil is derived from the interaction between effective stress and shear strength. Figure 2 shows the interaction between effective stresses and shear strength envelope where the mobilised shear strength envelope rotates towards the shear strength envelope at failure as the Mohr circle grows during soil compression. The inclination of the linear section for the shear strength envelope at failure represents the minimum friction angle at failure,  , which is the change in position of the mobilised shear strength envelope represents a specific degree of compression or axial strain. Md. Noor [14] reported that irrespective of the effective stress applied to a consolidated drained triaxial test, there is a unique relationship between 
Normalised Strain Method in Rotational Multiple Yield Surface Framework
This research is an experimental study to determine the volume change behaviour at the test soil incorporating the influence of the mobilised shear strength in saturated conditions. In saturated condition, the triaxial consolidated drained test was used to determine the effective minimum internal friction angle at failure, Applied stress Mohr circle polyethylene bags. To avoid the loss of moisture content, the bags containing the samples has taken carefully sealed and brought back to the soil laboratory. Important physical and engineering properties were determined using appropriate equipments in the laboratory.
Four (4) remoulded specimens were used in saturated triaxial test with the dimensions of 50mm diameter and 100mm in height. The moisture content and weight of the samples are kept constant for all samples and tested at different effective stresses of 50, 100, 200 and 300kPa. Furthermore, the remoulded specimens were prepared using the same moisture content and weight, then compacted using a rod of size 25mm in diameter and 350mm in height weighing 200g at three layer intervals. Twenty-five (25) numbers of blows were applied at each layer.
The stress-strain curves for remoulded saturated granitic residual soil taken from Kuala Kubu Baharu, Malaysia and the soil is classified as silty SAND. The test for saturated specimens were conducted using conventional triaxial cell. Table 1 shows the effective minimum internal friction angle at failure,
with transition shear strength, t is 183kPa and transition effective stress, (-uw)t is 124kPa. Table 1 Effective shear stress parameters at failure for saturated specimens Stress-strain graphs were plotted using data from the triaxial tests to determine the effective minimum internal friction angle at failure, f min '  of the saturated specimens. Figure 3 shows the recorded maximum deviator stress for each stress-strain curve of the saturated specimens. The maximum deviator stress recorded are 155, 278, 488 and 716kPa for the stress curves at effective stresses of 50, 100, 200 and 300kPa respectively. Four failure Mohr circles could easily be established, and the non-linear failure envelope is as shown in Figure 4 . The minimum mobilised friction angles obtained for every mobilised envelope represents certain amount of axial strains at any state of effective stress. This unique relationship was established from Md. Noor [13] which in turn relates to the change of strain or volume change behaviour of the soil tested. Different soil types give different characteristics of this unique relationship, i.e. the particle size distribution affects the unique relationship of the soil. If the axial strains at failure for each stage were normalised based on the maximum axial strain achieved at the final stage of shearing, the unique relationship between the minimum mobilised friction angle and axial strain will be in unity whereby each stage of effective stresses will have the same axial strain at peak deviator stress. This can be achieved by selecting the maximum peak deviator stress at 300kPa effective stress and normalised it to the rest of the effective stresses such as at 50, 100 and 200kPa as shown in Figure 5 .
While in Figure 6 shows the graph of peak deviator stress of 50, 100, 200 and 300kPa effective stress that have been normalised by multiplying by a normalised factor in order that all the peak deviator stress become to unity whereby each stage of effective stresses will have the same axial strain at peak deviator stress which in this case is 19.354 axial strain for each effective stress. 6 shows the peak deviator stress of each effective stress that have been normalised based on the highest peak deviator stress at 300kPa effective stress Table 2 shows the arrangement of the normalised axial strain by multiplying conversion factor for each of the effective stresses. As an example, in order to normalised the effective stress at 50kPa, each of the axial strains must be multiply by the factor of 1.165 and thus the axial strain will change in new value but the value of deviator stress remain the same Table 2 Normalised axial strain multiply by conversion factor for the deviator stress at effective stress of 50, 100, 200 and 300kPa
Similar to the effective stress of 100kPa, the normalised axial strain will be multiply by factor of 1.113 and for 200kPa, the factor will be 1.064. For the effective stress of 300kPa, the normalised axial strain will be the same as the original. This is because the maximum axial strain was selected at the final stage of shearing to be normalised for the rest of the effective stress. Table 3 shows the actual axial strain without incorporating normalised conversion factor as in the Table 2 . Data shows that the actual axial strain was not the same as for each applied effective stress as compared to the normalised axial strain. Table 3 Actual axial strain for the deviator stress at effective stress of 50, 100, 200 and 300kPa Figure 7 presents the minimum mobilised shear strength envelopes obtain with the increase of deviator stress. With this plot, the deviator stresses represent strains in the stress strain curves, therefore with the change in minimum mobilised friction angle, the amount of strain can be plotted and the coefficient of anisotropic compression can be assumed.
While in Figure 8 shows the predicted deviator stress of mobilised shear strength envelope at 50kPa effective stress. Furthermore in Figure 9 and 10 shows the predicted deviator stress of non-linear mobilised shear strength envelope at 200kPa and 300kPa cell pressures for various axial strains varies from 12% up to 31% determined from the consolidated drained triaxial tests. Apparently, the graph nearly overlap each other's to indicate that the mobilised shear strength envelope rotate simultaneously during the application of the  deviator stress in the shearing stage irrespective of the magnitudes of the effective stress in the tests. Data in Table 4 and Table 5 present the normalised axial strain with the inverse factor and predicted deviator stress at effective stress of 50, 100, 200 and 300kPa. This procedure has to be used when the actual axial strain is required where the values are reverted back by multiplying with an inverse factor. Table 4 Normalised axial strain with inverse factor and the predicted deviator stress at effective stress of 50 and 100kPa Figure 11 shows the graph of normalised axial strain compare with the laboratory axial strain and deviator stress. Results reveal that by applying the normalised conversion factor the stress-strain curves at failure is unique. However, in the deviator stress of 200kPa, the result shows that there is an obvious different between the laboratory and the normalised strain method. As for the rest of the effective stress, the different are very small. While in Figure 12 shows the graph of normalised axial strain with inverse factor and predicted deviator stress of effective stress compare with the laboratory data. Results shows that by using predicted deviator stress against the laboratory data, the point are fit perfectly within the line of the laboratory data whereas if compare to normalised axial strain, there is a little bit different of the point with the line in the laboratory data especially in the effective stress of 200kPa. Table 5 Normalised axial strain with inverse factor and the predicted deviator stress at effective stress of 50 and 100kPa Figure 13 shows the graph of predicted deviator stress with normalised inverse factor, normalised axial strain with conversion factor and laboratory axial strain against the deviator stress at 50, 100, 200 and 300kPa effective stress. Results shows that by using predicted deviator stress with normalised inverse factor, the point are much closer within the line of the laboratory data whereas if compare to normalised axial strain with conversion factor there is a little bit different of the point with the line in the laboratory data especially in the effective stress of 200kPa. Fig. 11 Normalised strain method with laboratory strain against deviator stress at effective stress of 50, 100, 200 and 300kPa. Fig. 12 shows the predicted deviator stress with laboratory strain against deviator stress at effective stress of 50, 100, 200 and 300kPa. Fig. 13 Predicted deviator stress with normalised inverse factor, normalised axial strain with conversion factor and laboratory axial strain against deviator stress at effective stress of 50, 100, 200 and 300kPa. 
Conclusion and recommendation
Normalised axial strain basically were based on the maximum axial strain that achieved at the final stage of shearing where in this case, the final stage of shearing is at 300kPa effective stress. Based on that, this method will be in unity where each of the stage of effective stresses will have the same axial strain at peak deviator stress. Therefore by using the normalised axial strain method, the predicted deviator stresses will be in at the best fit condition which the data fit in the line of the actual laboratory data compared to un-normalised axial strain data. As a recommendation, it is important to extend the laboratory testing for unsaturated specimens using double wall triaxial using single stage of shearing and used it to determine the normalise strain method for unsaturated soil.
